Introduction
Chimaeric mice resulting from the aggregation of two cleavage-stage embryos can have one of three sex-chromosome constitutions : XX <-> XX, XY <-XY or XX <-> XY. Animals of the first two types can be germ-line chimaeras : that is, they may have functional gametes derived from both the cell lines that constitute the chimaera. If derived from two genetically distinct strains the germ-line chimaera can, when mated, yield progeny of two different types, one representing each of its constitutive cell lines. In the past the assumption has often been made that the relative frequency of each type of progeny produced by germ-line chimaeras reflects the relative frequency of each type Materials and Methods Animals Aggregation chimaeras were produced as previously described (Bowman & McLaren, 1970) Timedmatings. Groups of4 females were put with each male (Nos 18and 19 only) at 09:00 h, and checked for vaginal plugs at 18 :00 h. They were then removed and replaced with another group of 4 which was checked for plugs at 09:00 h the next morning. Litters resulting from daytime and overnight matings were scored at birth for eye colour.
GPI-1 analysis
After the breeding programme was completed, the testes were removed from Chimaera 18 and the seminiferous tubules collected according to a modification of the method developed by Bellvé, Millette, Bhaturgar & O'Brien (1977) . Samples of tubules collected from mature males by this method contain about 3% Sertoli cells but < 1% contamination from other somatic elements. The seminiferous tubules were removed from the tunica albugínea and incubated in a collagenase solution (0-5 mg collagenase/ml phosphate-buffered saline) at 20°C for 30 min. Sections of tubule 1-5 cm in length were then freed from adhering interstitial cells and frozen individually in finely-drawn Pasteur pipettes. Samples were freeze-thawed 3 times before electrophoresis on cellulose acetate gels ("Titan HI Iso-Viz" plates from Helena Laboratories, obtainable from M.I. Scientific, Airport Industrial Estate, Kenton, Newcastle upon Tyne, U.K.) which was carried out as previously described . After staining, the agar overlay was removed from the gel plates which were fixed in 5% acetic acid for 5 min, washed in distilled water for 20 min, and dried. The gels were scanned on a Gelman DCD-16 computing densitometer which calculated the relative activities contributed to the total sample activity by the component alloenzymes. The analysis of these samples was complicated by the existence of minor bands running anodal to the major GPI-1 bands in samples of normal mouse spermatogenic tissue . In gels of chimaeric seminiferous tubules the minor band associated with the alloenzyme was located in the position also occupied by the major A band. The calculated activity of the A bands had thus to be reduced by a factor equivalent to the intensity of the minor band (determined, after analysis of pure samples, to be 0-21 of the activity of the major band). In the final calculations the activities of all minor bands were ignored, and only the relative activities of the major A and bands considered.
Results

Breeding results
The ad-libitum breeding records of the 3 chimaeric males are presented in Tables 1 and 2 (Table 4 ) showed a drop in the total proportion of agouti young from both males, but this was significant (P < 001) only for Chimaera 19. However, daytime matings resulted in a rise in the number of agouti young (Table 4) which was significant for both males (P < 0-001). The proportions of male and female progeny in all groups did not differ significantly from the expected 1:1 ratio.
Electrophoretic analysis
In all, 119 segments of seminiferous tubules from Chimaera 18 were examined for the relative contribution of BALB/c (GPI-1 A) and C57BL (GPI-1B) components ; 64 from the left testis and 55 from the right. The results are presented in Text- fig. 1 . The mean contribution to the total GPI-1 activity made by GPI-1 A was 66% in the left testis and 51%in the right (P < 0-01): both testes together had a mean of 59% GPI-1A activity in the seminiferous tubules. 
Discussion
When allowed unrestricted access to females, all 3 of our chimaeric males sired litters that demonstrated interlitter variation similar to that previously reported (McLaren, 1975; Gearhart & Oster-Granite, 1981 (1958) who found that changing the time of mating relative to the time of ovulation in the female could change the transmission ratios of certain alíeles of the t series. Braden & Austin (1954) and Braden (1957) established that in laboratory mice ovulation normally occurs 3-6 h after the midpoint of the dark period, and that coitus normally precedes ovulation by about 5 h. In these circumstances some 6 h elapse between coitus and the fertilization of the egg. If the mating is delayed until after ovulation (as in our daytime mating) the interval between coitus and fertilization is much shorter: 2 h or less (Braden & Austin, 1954) .
In 1939 Dunn & Gluecksohn-Schoenheimer reported that when males heterozygous at the t locus were allowed free access to females, some t alíeles were transmitted to up to 93% of the progeny rather than the expected 50% (the exact transmission ratio depended on the particular alíele). Braden (1958) demonstrated that when mice were allowed to mate only after the female had ovulated ("late-mated" pairs) the transmission ratio of the t alíele dropped and in some cases approached the expected 50%. The results of McGrath & Hillman (1980a, b) indicate that in-vitro fertilization with spermatozoa from males carrying the t '2 and r6 alíeles also results in a reduction in the transmission of these alíeles, and that this lower transmission ratio does not differ significantly from that observed after late matings.
Since evidence has been presented that (in some cases at least) males heterozygous for t produce equal quantities of t and non-r ( + or T) spermatozoa (Bryson, 1944 gene within the r-complex that is associated with the surface of the testis cell. There is also evidence that spermatozoa from rw32/+ males penetrate eggs more rapidly in vivo (Olds-Clarke & Becker, 1978) and in vitro (Olds-Clarke & Carey, 1978) than do spermatozoa from congenie +/+ males.
Since the two populations of spermatozoa in our chimaeric males are derived from cells of two distinct inbred strains, differences between them may reflect gene expression during the diploid phase of spermatogenesis, and not (as in the case of the t locus) the haploid phase. Burgoyne (1975) has shown that the sperm morphology characteristic of a mouse inbred strain is retained even when the spermatozoon develops in a chimaeric testis. There are a number of possible ways in which one sperm type might prove more successful than another in producing young.
First, the possible role of the female in sperm selection during transport must be considered. The uterotubal junction of the mouse appears to act as a barrier to morphologically abnormal spermatozoa (Krzanowska, 1974; de Boer, van der Hoeven & Chardon, 1976) . Although some abnormal spermatozoa can traverse the junction, the proportion of such spermatozoa is much lower in the oviduct than in the uterus (Krzanowska, 1974) . In many species, mixed inseminations of females with equal numbers of spermatozoa from two males can result in a consistent 'superiority' of one male in siring offspring. Overstreet & Adams (1971) have shown that, in the rabbit, this superiority can be correlated with more efficient sperm transport in the female tract. Cohen & greater than expected chance of successfully fertilizing an egg when mixed with newly ejaculated spermatozoa and re-inseminated into the uterus of a second female, implying that oviducal spermatozoa may have been selected by the first female tract according to some criterion that allows them to succeed equally well in the second.
Some evidence does, therefore, exist that the female reproductive tract may be able selectively to restrict or enhance the transport of spermatozoa on the basis of their morphological or physiological properties. Should this selective ability be altered according to the ovulatory state of the female, a mechanism could exist to account for the shift in progeny type that occurs when mating time is changed.
Alternatively, the mechanism may involve factors intrinsic to the spermatozoon alone. A rapid capacitation time would be advantageous in the post-ovulatory matings, when the interval between coitus and fertilization is short (^2 h: Braden & Austin, 1954) . In many animals, including sheep (Hunter, Barwise & King, 1982) , pigs (Hunter, 1981) , rabbits (Turnbull, 1966) , hamsters (Yanagimachi & Chang, 1963) , rats (Shalgi & Kraicer, 1978) and guinea-pigs (Yanagimachi & Mahi, 1976) , sperm transport through the female tract is particularly rapid around the time of, and immediately after, ovulation, thus further increasing the competitive advantage of spermatozoa with a rapid capacitation time inseminated shortly after ovulation.
The data do not rule out the possibility that differential survival of embryos might account for the shift in genotype frequency in late-mated litters. Delaying mating until after ovulation results in an increased post-ovulatory age of the oocyte at the time of fertilization. Shalgi & Kraicer (1978) observed that the interval between the time of sperm penetration and the time of first cleavage of rat eggs can be shortened by delaying mating until after ovulation. Physiological changes can thus take place in the ageing oocyte which could affect its subsequent development, and it is possible that one sperm type might be more successful than another in supporting development in these circumstances. The fact that litter size is reduced in the litters derived from daytime matings (Table  5) suggests that some eggs or embryos have not survived, and that differential death of albino embryos, rather than differential success of C57BL spermatozoa, could be responsible for the fall in the proportion of albino embryos born in these litters. However, if this were the case, one would expect to find the mean number of agouti young in litters from overnight and daytime matings to be the same, even though the proportion of agouti in the litters from daytime matings is higher. In fact (Table 5 ) the mean number of agouti young is signficantly higher in the daytime-mated litters of both males, indicating that differential death of albinos cannot alone account for their low frequency in these litters. The interlitter variation in genotype frequency that has previously been observed in litters sired by chimaeric males (McLaren, 1975; Gearhart & Oster-Granite, 1981 ) may thus to a large degree be due to natural variations in the time of mating relative to ovulation in the female, although the nature of the mechanism by which sperm or embryo selection is accomplished remains to be elucidated. The one reported case in which no interlitter variation was seen in the progeny of male chimaeras ( . T. Mystkowska, personal communication to McLaren, 1975 It is clear from these results that some care must be taken in the interpretation of breeding records of male chimaeras, especially if they are being used as an indication of the proportion of the two types of germ cells in the gonad. For instance, in the case of our chimaeras, estimates of the proportion of BALB/c germ cells could have varied from about 20% to about 80%, depending on which mating protocol was being followed. The estimate from GPI analysis of testicular germ cells (59%) diverged significantly from the daytime-mating estimate (21%) but not from the ad-libitum (66%) or night-mating (77%) estimates. However, male chimaeras of other strain combinations (or indeed any mixed inseminations of different sperm types) might well prove to show different patterns of progeny variation in normal and late matings.
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